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Abstract: At present, the power conversion efficiency of perovskite solar cells exceeds 25%. Their rapidly
increasing efficiency has made people increasingly optimistic about their commercial application, but the sta-
bility of perovskite remains the biggest obstacle to successful commercialization. Quasi-two-dimensional per-
ovskite solves this problem. Utilizing the hydrophobicity and thermal stability of large organic spacer cations,
quasi-two-dimensional perovskite can effectively improve the stability of perovskite and improved crystal
formation energy while providing a more stable structure. Quasi-two-dimensional perovskite also invites sig-
nificant improvement to the morphology of perovskite films, which can replace anti-solvent processes, sim-
plify production, and meet the industrial production requirements of perovskite. However, the relatively large
band-gap and low carrier mobility caused by insulated organic spacer cations hinder ion transmission, caus-

ing quasi-two-dimensional perovskite solar cells to be far less efficient than three-dimensional perovskite sol-
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ar cells. Therefore, for quasi-two-dimensional perovskite, it is necessary to further study its characteristics
and device applications to achieve further optimization of device performance. This article summarizes the
research progress of quasi-two-dimensional perovskite solar cells, the molecular structure of quasi-two-di-
mensional perovskite, the methods and principles of quasi-two-dimensional doping that improves the stabil-
ity of three-dimensional perovskite, and the phase distribution and carrier transport characteristics of quasi-
two-dimensional perovskite. Then this paper analyzes the problems faced by quasi-two-dimensional per-

ovskite solar cells and looks forward to their prospects. It is expected that it will provide a reference for the

preparation of efficient and stable quasi-two-dimensional perovskite solar cells.

Key words: quasi-two-dimensional perovskite; phase distribution; carrier transport; solar cells; stability
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(a) Common organic amine cations of two-dimensional / quasi-two-dimensional perovskite; (b) bandgap arrangement

of BA,MA,_,Pb,I;,.; and PEA,MA,_|Pb,I5,,, with different n values™ *%; (c) structures of two-dimensional per-

ovskite, quasi-two-dimensional perovskite and three-dimensional perovskite™®!
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Fig.2 (a-d) Pictures of the plate- and block-shaped single crystals of BA,MA,PbsI;, (a and b) and BA,MA;Pb,l;5 (c and d);

>

(e) formation processes of BA,MA,,_Pb,L5,.; (n =3 or 4) thin films based on their single-crystalline structures™*

®1 ETAEAHNRASEFHE _HISRT CRBEHRMRESELE Ty FH

Tab.1 Photovoltaic parameters of PSCs with different device structures and different organic amine cations

2D4L45Y BRI PCE (%) BEtE(Ty) MRS

FEA®  FTO/c-TiO,/m-TiOy/FEA,Pbl,-FAPbLy/spito-OMeTAD /Au  22.2 >1000 h 1Sun, RH 40%, MPPT

FTO/c-TiO,/m-TiO,/ Csy 1FA(74MA 13PbI, 45Brj 30~
PEAISS 2 2 %5015 R07aM A0.13E0 2450 39 20.08 ~800 h 1Sun, 50°C. %<, MPPT
PEA,Pb,1,/spiro-OMeTAD/Au

FTO/c-TiO,/m-TiO,/ HOOC(CH2),NH;Pbl,-MAPbI/spiro-

56l 1Sun, 55°C, <, MPPT
AVA OMeTAD/Au 14.6 >200 h un. L
GA®" FTO/c-TiO,/GAMA;Pbs, o/spiro-OMeTAD/Au 18.48 60 h %33, MPPT
VBA®  ITO/TiOy/VAB-(MAPbBI;), 15(FAPbI;), gs/spiro-OMeTAD/Au  20.2 16h 23S, MPPT
BAS FTO/SnOy/PCBM/(BA)(FA 83Csg 17)1-xPbu(lg 6Brg.4)3/spiro- 195 Ty=4000 h Ty=1000 h 1Sun, £P%; 1Sun, AkHE, 254
OMeTAD/Au
FTO/SnO,/(EDBE)Pbl-(FA 3;C: Pb(I, sBry ,)3/spiro-
EDBE nO,/( )PbLy-(FA 53Cs0.17)Pb(l sBro 2)s/spiro 21.06 ~3000 h 255
OMeTAD/Au
3BBA"! ITO/PTAA/3BBAI-MACI-PbI,/PCBM/Cr/Au 18.2 >2400 h RH 40%
ThMAP!  ITO /SnOy/ThMA-FA Pbl;-MAPbI,/spiro-OMeTAD/M0oO3-Ag  21.49 >1800 h; >600 h %5%,, RH 30%~50%; N, 1Sun
o FTO/bl-TiOy/mp-TiO,/(FAPbI;), ¢s(CsPbBr3), 1,/(5-
- 0,
5-AVA AVA),Pbl,/CuSCN/ Au 16.75 >1440 h RH 10%
PEA'®! ITO / SnO,/FAPbI;-PEA,Pb,l,/spiro-OMeTAD/Ag or Au 20.64 1362 h 0.9Sun, 40°C, RH 50%,

FTO/c-TiO,/m-TiO,/(FAPbI; ), s(MAPbBr; ), 15-

PEA . 143 ~1200 h RH 70%
PEA,Pb,1,/spiro-OMeTAD/Au

ThMA' ITO/PEDOT:PSS/ThMA,Ma,_,Pb, 5, ,/PCBM/BCP/Ag 15.42 >1000 h N,
PDA! ITO/PEDOT:PSS/ PDAMA,,_,Pb, I3, /Cs/BCP/Ag 13.0 >1000 h; >100 h RH 85%; RH 85%, 70°C

MA;Bi,1,*" FTO/ ¢-TiO,/MA;Bi,l;-MAPbIy/spiro-OMeTAD/Au 18.97 >800 h

R
A
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2DHS FRELER PCE (%) T HE(Ty) Wk
PTA FTO/c-TiO,/SnO,/PTAI-MAPbL,/spiro-OMeTAD/Ag 20.6 >500 h N5, 1Sun
4FPEA™ ITO/PTAA/(4FPEA),MA,Pbsl,/PCBM/PEI/Ag 17.3 >500 h N,, 55°C
F-PEA™ FTO/c-TiO,/(F-PEA),MA 4P, ¢/spiro-OMeTAD/Au 13.64 300 h 70°C, %55,
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OA™  FTO/c-TiOy/ns-TiOy/OAI- (FAPbI;)0 05(MA PbBr3)g0s /DM/Au  22.03 100 h RH 85%
DA™  FTO/c-TiO,/ns-TiOy/DAI- (FAPbL3)g o5(MA PbBr3)g0s /DM/Au  21.89 100 h RH 85%

(FAgHh, MPPTACEIMBR S M da K 2l =R 558 B2 (maximum power point tracking) . PEA JyPhenethylammonium (ZE 2 JEfi{b 1 ) ; EDBE H2,2-
(ethylenedioxy)bis(ethylammonium)(2,2-( £ —483E) W (2.} ) ) ; BA Kybutylammonium( T 3% ); AVA Haminovaleric acid(Z &R ); S-AVAHRS -
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2, FMi); 3BBA A3 - bromobenzylammonium(3-7R-K 3% ) ; PTA Aphenyltrimethylammonium (R = H 3% ) ; GA R guanidinium (JIER); VBA K
4-vinylbenzylammonium (4-Z. /5 3L 5 3/ ) ; AFPEA Hfluorine - substituted phenylethlammonium (5 CHYZEIE Z 1) ; ThHMA M2 - thiophenemethy-
lammonium (2-BEW} H FL H %) ; F-PEA A4-fluorophenethylammonium (4-F84 2% ) ; PDA A Propane-1,3-diammonium (N %¢-1,3- %) ; RHAFIXT R
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Fig. 3 (a) Photos of the perovskite films incorporating bare FAPbI;, FAPbI; with 2D perovskite and FA 93Cs; ¢,Pbl; with 2D

perovskite exposed to relative humidity (RH) of 80% = 5% at (20 = 2) °C for different times'®”’; (b) evolution of the ab-

sorption of the films at 600 nm under RH 80% + 5% at (20 + 2) °C. The error bar indicates the standard deviation of the

absorbance measured from the three films for each condition™’; (¢) schematics of the device incorporating polycrystal-

line a 3D perovskite film with 2D perovskite at grain boundaries®!; (d) normalized PCE of the unencapsulated device

based on FASnI; and 20% PEA-doped perovskite film stored in a N, atmosphere glovebox for over 100 h*!
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Fig. 4 (a) Schematic diagram of surface stress release: A post treatment process via lattice reconstruction on

(FAPDLy), ss(MAPDBTI3), ;5 perovskites films was applied to modulate the residual stress distribution across film thick-

ness direction, reducing the degree of lattice distortion; (b) schematic diagram of the mechanism releasing residual

stress by introducing PEA / OA: The 2D perovskite components mainly dwell at the surface of the perovskite thin

films, which provides extra structural flexibility in the spatial perspective against lattice distortion; (c) the long-term

stability test of the perovskite solar cells stored in air with a humidity of 16%~50% for over 1000 h without encapsula-
tion. (Reference is (FAPbI3), g5 (MAPbBr3), 5 Perovskikes, O-10 represents (FAPbI3),ss (MAPbBI3), 5 Perovskites

via post treatment by OAI solution with 10x107* M)!'*
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Fig. 5 (a, b) Schematic diagram of mesoporous structure assisted control of the crystal orientation of BA,MA,_Pb,l3,.;

film™¥; (¢) film growth direction and phase distribution of pristine BA,MA;Pb,],5 film, film after adding DMSO and

film adding antisolvent!"™); (d) schematics of conventional and inverted device architectures with different substrates
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